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ABSTRACT

A techniqu e was devised using infrared dqtection

of localized 12
R heating cf conducting iaterials to

determin e the surface charge and cur rent dist r ibu t icns
ca variou s objects. The Leasur emon t process is
explained and comparison s betw~ cn ezEer imanta lly
determin e d and actual charge and current dist r ibuticus
are presented .
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I. INTUOD~CTIO!

Knowledge of the charge and current distributicns is
essential in man y applications of antenna design and

placement, electromagnetic scattering, and electromagnetic

cospatability. Although it is possible tc measure these
quantities directly cn a given ob j ect using electrically
small probes [ ~~~~~~f .~~it i~~ 1~~~ 3.-3, it is an extremely slow ,
tedious, and expansive process. To avoid this, con~uter
analysis of structures has beccie increasingly impcrtant
c-antler 1972 ,— Ghaa_~anA -St~ a1t--4 24-). These models require
assuipticns concerning gecietry, wire size , boundary
coi~ditions, and the like. In all such investigations, model

• verification has become important ~-au-atom and —Kin g 1975,
Ref ton, 1i59 ~ n~i Blej~ r 1976.3. Clearly, a technique
yielding real—time measuresent of charge and current
magnitude distributions has obvious advantages.

La Varre and Burtcn have shown C 1975) t at urface
currents on radiat ing and scattering structures can , nder
certain conditions, generate sufficient heat tc -be

detectable by infrared .easure aents with equipment such\as
an AGA Tharacvisiou 680 system.

A. FACTCRS AFFECT ING INFRARED DETECTION

2
The dstectability of I B heating by- surface currents is

a function of the threshold teiperature gradient of the

measurin g .quip.. wt , the conductivity and siissivity ct the

8 —
~~~~~~~~~
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surf ace under investigation, and the microwave power levels
present.

A temperature gradi~it of 0.2°C can be detected by the
Thermovision system. If a scattering or radiating strncture
has sufficient currents to cause a 2CC temperature
differen ce, ten isotherns may be selected in various colors
and displayed to indicate the temperature dietributicus.

The surface under consideration must he sufficiently
conductive to allow representative charge and. current
distributions to form . However , the surface  must not be so

conductive that either no significant I B heating is

produced , or any generated heat is quickly dissipated by the
thermal conductivity of the material. High electrical
conductivity in a material implies high thermal conductivity

• in that material.

• The spectral emissivity (the ratio of the esittance of a
body in a specified portion of the spectrum tc that of an
ideal radlatcr) must also be sufficiently high to allow good
Th.rmovision detection of the surface. The more nearly
NblackA the surface in the three to five .icrcmeter
wavelength rang., the better the detectability of a specific
tempera ture difference on tha t  surface.

Suffir ient microwave power li~vels must be used tc cause
charg. and current distributions to for., but practical and
safety considerations dictate that minimum usable levels be -:

• employed. The experimental procedures in this work require
an incident power at th. surface of scattering objects of
approxima tely three aiflivatts p.r square centimeter.



I

B. THESIS OBJECTIVE

This work was done to indicate the feasibility of the
infrared detection process, to reduce the ptccess to ccaaon
lajcratory or applications procedures, tc compare the
results obtained with results from other techniques to
aibibit the accuracy of the infrared detection procedure,
and to use infrared detection to cbtain current
distr ibutions on objects that ha ve not been otherwise
determined. The dir ection of fu ture  research was also
indicated.

10 

—“ - - ,— ••~~~ -•—-,- —--- •. — --— — - - —.-—- - -- -



Ps

II. EXP ERIJEN~~~ ~~~~~~~~~

A. AGA TBRBNOVI SION .S! STEN 680

The AGA Thermovision System 680 is an infrared camera
and display system that uses a single indium antimonide
(InSb) photcvol taic detector , cooled to 77°K with liquid
nitrogen , to detect emissions from objects in its field of
view in the 2 to 5.6 micron wavelengths.

1. ciis~~

The camera (Figure 1) in this system has an 8°z8°
field—of—view germaniu. lens, with a range Cf focus ftc .  1.7
meters to infinity. Scanning is accomplished with two
rotating eight—faced prisms that move the instantanEous
fi.ld of view through the desired regicn. The cooled
detector allows a minimum detectable tempera ture  d i f fe rence
of better than 0.2°C at a 30°C object temperature.

_ _ _ _ _  * — 
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2. ~~~ 
gg4 W~ i~ ç ~9nito;

The black and white monitor (Figure 2) is the
initial display of the camera ’s output . The display has 100

lines with a line frequency of 1600 lines per second,

yielding 16 frames per second. The controls for focus, bias
control Cf the detector (temperature window locatica) ,
sensitivity (temperature window size), plus various other
settings for the display are located on this monitor. The
black and white monitor has the capability f or two isotheras
to be selected anywhere in the displayed temperature window
that give highlighted output at the corresponding locations
in the display.

3. ~~~~~ ~~~~~~~

The color monitor (Figure 3) gives a display twice
the siz e of the ncrmal black and white output and permits
the application of color to allow the tempera ture vin dcv to
be divided into ten easily distinguishable regions. At the
minimum sett ings, this quantizing allows the system to
display the minimum detectable difference of 0.2°c in an
easily underztocd format.

13
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~~. ~~~~~~ A4aPte~ ~~ C~L~ P L1!

The profile adapter and its associated black and
white display unit (Figure £ê) give quantizing capability to
the picture displays. Two mo des exist in this display, one
for sur fac, temperat ure cross section of any selected scan

line, and the other a diminished scale versicu that presents
the surface temperature cross section of all 100 lines of
the display . This relief map is a three—dinensional display
of the emissions of the object s being viewed by the camera.

- 2. THERN OVIS ION PI CTUBE IN TERP RET ATION

Figure 5 is an example Cf a picture from the color
monitor. The horizontal band at the bottca shows the ten
isotheras in the selected temperature windcw , increasing in
temperature from left to right. Thus , the relative
temperature distribution of a homogeneous object can be
determined by ma tching the colors in the display to the
corr.sponding portion of the reference band. The colcr of
any portion of the band ma y be chosen by the operator, and

• changed when desired. Normally the colors are arranged to
provide maximum coutrast between adjacent isotherms. Pot
printing, the colors in the photographs ar. converted to
half—tone black and white . This process disinishes the
contrast between adjacent isotheras.

• Unless cthervis. indicated, all Ther.cvision pictures
us. a temperature miud cw of 20C , which sakes each iscther.
0.2~ C in width.

a
16
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Figure 5 — THE RN OVI SION PI CTURE !XA$PLE
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C. LA8C R AT OI!

Figure 6 shows th, arrangement of the laboratory set up
for the stud, of scattering objects. The object under study
was placed on a. 4z12 feet (3.Bxt l .5 wavelengths at 937.5
IRS) aluminum ground plan. at a sufficient distanc. to
insure an incident plane wave. The monopol. was driven at
its base and placed in front of a 60° corner reflectcr. The

infrared camera wac moved as desired arcund the ground plane
to obtain the proper view of the object. To insure complete
and uniform connections, all points of contact with the
ground plan. were taped with copper conducting tape.

To study radiating objects, the object, usual ly an
antenna, was placed in the driven Iccaticu and the corner
reflector removed.

D. RO~1I GENERATING SISTER

Figure 7 is a - 
schematic representatioD of the

arran gement tc pro vide the incident power to the driven
element. The power generator (a Sierra Electronics mcd.]
1 70k , 80 watts maxim um output) was connected to an isclat.r
and then to a dual directional coupler . A dual stub tuner
was then attached to cancel the reflected signal. from the
driven element. A pcw.r meter was connected at the return
port of the dual directional coupl er to allcw detereiration
of the occurrence of the minimum returned signal.

1. 
- 
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III. Ct~Rfl ~~~~~I~~~UTIQ$ ~fl1u1!AT~Q1

A. TECHNI QUE

To determine the charge distributions on an antenna , a
sheet of resistive paper (2000 ohms per square , Sun shine
Scientific Instrument Company, Philadelphia), was placed
behind the antenna. A dielectric material was used as a
backing for the pa per to provide the required stiffness.
The electric field lines, originating at the charge
locations on the antenna, cause currents tc flow or the
resistive paper. Near large charqe concentrations, where
more lines of force converge, the resultant current
magnitudes cc the paper are higher, prcducing greater
localized heating. When detected , this heating yields the
relativ, charge d istributions on the antenna. For radiating
antennas, the current distributions say then be determined
from the continuity equation. Figure 8 is an example of  the
setup for th. charge determination on a scattering c~oss.d

dipole.

• AU measurements of charge distribution shown were made
at a frequency of 937.5 megahertz ~32 centimeter

wa veleng th).

S 

Only a few •zaaples of this technique are included here
to illustrate the proc.dure. Extensive examples and
comparisons with known solutions are shown by Nanca and
Eurton (1977].

I
22
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Figure 8 — CHARGE DISTRIBUTION DETERMINATIO N SET UP

23



E. TUB hE — QUARTER WAVELENGT H RONOPOLE ON GBCUND PLANE

1, I4d.~flina

The char ge distribution on a radiating thin
three—quarter  wavelength (2 (4 centimeters) mcnopole and the
Thermovi sion charge picture is shown in Figure 9. rh.
charg. magnitude maximum locations are easily identified as
the warmest points on the display . The charge minimum
between the maximums is clearly seen as the coolest spct cn
the antenna . Note the driving point disturbance at the base
cf the .cnopcle.

2. ~.ç4~~~ rip g

-

• 

Tb~ charge distribution for the scattering
thre.—guarter wavelength monopole is shown in Figure 10. La

• expecte d , the distribution looks like the radiating case
without the driving point disturbance.
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C. CROSSED LIPOLES CI GROUND PLINE

• Th. charge distr ibutions on two of th thin crossed
antennas discussed by Burton and King ( 1975] are shcwn in
Iiguies 11 and 12. The effects of the various resonant
lengths seen by the source in these two radiating antennas

is clear.

1. Ucr~~~i~iI~ ç.~gLJ ~~ ~pe-liali ~~~ 1a.ust~

Figure 11 shows the three—quarter wavelength

monopole with one—quarter wavelengt h (8 centimeters) a rms
attached at one—half wavelength from the grcund plane. The

resonant length seen by the source is three—quarters Cf a.
wavelength, resulting in a charge distributicu similar to
the monopole, except there are now three locations (each

tip) of the final char ge maximums.

2. I9 ZO
~~~~A~~I 

ç~q~g ~~ CU:GUacter ~HJJcn9t~

When the horizontal cross is mcved dcvn to
one- quarter wavelengt h f rom the ground plane, the charg.

distribution is as shown in Figure 12. The r.sonant length
seen by the source is now one—half wavelength, which causes
the significant rediatributiGn of charge concentrations from
the uncrcssed monopole . 

.

-

~~~~~ 
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IV. çj ffJfl DI~ 1EIBUT~O$ QIZJ.Jj~jj~~~Qi

The techaigee for charge distribution daterminaticu is
simpl, and convenient. Nov .ver, two factors tend to limit
its applicability to a general situation. Because th. sheet
of resistive paper must be situated adjacent to the cbject
and respond to charg. distributions despite the orientation

with the source, direct charge distribution determinaticn is
presentl y limited to “thin” objects. Often, particularly in
complex struct ures ,- objects of interest are not “thin.”
Additionally • prim ar y interest often is directl y in the
current diatnibatio~s on conductors. Thus , the thrust of
this work was th. direct determination of current
distri but ions.

A. TECRUIQUR

Initially, a sheet of resistive pape r was used to
construct a model of the object. This model was then placed
on the grcund plane and irradiated. it mis soon discovered
that, because the skin depth of th. resistive paper at 937.5
Uz is on the ord.t of the paper thickness (approximately
0.8 millimeters), non—conduct ing objects used for support
behind the model had a significant effect on the temperature

- - distribution of the irradiated surface.

$ben five thicknesses of resistive paper were used for
mode l ccnstzuctioo, supporting structures no longer had an
effect on the sari ace temperature distributions.

- 

30 
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I
Wit h am incident fie ld itrength of three milliwatts per

square centimeter at the surface of a model, an obvious

current magnitude representation is apparent within five to
ten s.ccnds . The surface then heats uniformly f or
appro.xiaat.J j  four  minute s until steady state
beating/cooling occurs.

Figure 13 shows the model used i or a one—bali wavelength
(16 centimeters) square. Note the polystyrene foam used for
support and the copper tape at the intersection with the
ground plane.

LU measurements of current distributions shown were
ma de at a frequency of 937.5 megahertz (32 centimeter

wavelength) .

Burton and King, in work currently in progress at
Harvard University, have measured the surface cur rer t and
charge distributions on a flat surface with normal and £450

incident plane waves . Partial results of thei;
investigation ar. shown in Appendix A, and provide a
reference for the Thersovisicn pictures of the flat surfaces
investigated herein.

31

_ _  
_ _ _ _  

_
_ _



Figure 13 — CURRENT DISTRIBUTION DET!R~ INATION SET UP

32
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B. ONE— dAL i WA VELEN G T H SQUAR! 0$ GR OUNL PL AN E

To illustrate the relatienship bet w een the Thermo vision
picture and the measured current distributions on a flat
plate, several situations were viewed and displayed. figure

1* shows the various incident angles of the plane
electromagnetic wave on the one—half wavelength square.

To allow comparison between views, all Th~rmo,ision
pictures ware made with the camera normal tc the surface of

the model. Figure 16 has a marker superimposed on the

Thermovision pict ure of the square with the normally
incident signal to indicate the location of the temperature

- croaw section in Figure 17. 11]. temperature cross sections

in this section were at the same relative .lccations as those
shown in figure 16. •
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1. lccu.J Lu.cUenc~

When a flat surface is irradiated by a normally
incident plane rave, the current distributions formed are a
function of the resonant leng ths seen by that signal. In
general . the currents at the center of such a flat surface
are less than the currents at the edges because cf the
mutual repulsion of th. electrons. The magnitudes of the
surface currents along the edges is a function of location
along the rescuant length see n by the incident signal.
Intermediate areas between the center and the edges shcw the

transition currents. Since, in rectangular objects,
symmetr y exists about the vertical center Line of the

surface, the currents seen on the two sides are identical.

The Ihermovisicu picture shows these points cleerl~.
• Along each vertical edg., there is a “.onopcl.—type” cutrent

distribution with the position dependent current magnitudes

• apparent . rb. current minimum along tna vertical center
line of the surface is also visible. Note that th. current
magnitudes in the lower center of the surface do not create
enough localized heating to cause any detectable rise iD
temperature .
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Figure 16 — ONE—HAL! WAVELENGTH SQUARE. CURRE~ I

DISTRIBUTIO N , NORMAL I NCIDE NCE , WITH H A RK E E
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2. 2~~flt~—De~;~~ lncideac&

- As the incident signal moves frci the normal, the

response of the leading edge is enha.nced, and the trailing
edge response is diminished. This reacticn is apparent in
figures 18 and 19. which are the 20° incident views
corresponding to the previouS normally incident
presentations. The relative magnitudes of the surface
currents at the v ertical edges can be seen in the
temperature cross section in Figure 19. The current minimu~
towards the vertical center line of the surface remains , and
the current increa se at the trailing edge is still obvious.
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3. ~~jrtv—Deq~~~ ci4j~ç~

The corresponding views for 300 incidence are shown

• in figures 20 and 21. When the incident signal reaches 30°
from the normal, the temperature difference between the

— 

current minimum location and the trailing edge in a
horizontal cross section is bar ely detectable. The
magnitude change from leading to trailing edge is now
significantly greater tha n the 200 incidence case. However ,
the current magnitudes on the trailing edge are still
sufficient to cause the apparent •monopole—type” cnrrent
distribution.
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44. X2&$I~Zi1fl 2Jaft~ Lac~h~cs

Whe n the incident plane wave is 4450 from the normal
(figures 22 and 23), the leading edge response is still
greater than the previous cases, and the current cn the
trailing edge is barely l arger than the more interior
locations. Note that the locations of the current minima in
this seq uence have mov ed farther toward the trailing edge

with an increase in incidence angle, and there is no longer
the visible “monopole—type” current distribution at the
trailing edge.
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5. L~ itz Qi~&u n~ide~gç

When the ii cid.nt aigna l is 900 from the normal
(Figures 244 and 25) , only the ‘eading edge is being
“driven ,” and the remainder of the surface is shadowed from
the incident signal . Thus , the current magnitud. is
monotonically decreasing across the surface. The relative
current magnitudes along the leading edg. of th. surface for
this entire sequence remain constant , with the peak ‘values
of current cccuring approximately three—quarters of the
distance from the ground plane.
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C. TUNA—QUARTER HZ ONE-HAL? WAVELENGTH FLAT PLATE ON

GROUNC PLANE

When the height of the vertical edge of the flat plate
was increased to three—quarters of a wavelengt h (244
centimeters) , the rescnant length seen by the incident
signal ch anged proportionally. This change caused a.
variation in the distribution along the edges of the
surface , but the same general current arrangement cccurs
across the surface. All Theriovision pictures were again

taken normal to the surface of the plate. for brevity, the
temperature cross section and relief views cf each situation
were not included. No unexpected results were obtained in
either of these views.

1. i9 i4~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~

Tb. normally incident plane wave again yields a
current distribution that is symmetrical with respect to the
vertical center line of the surface (Figure 26) . The change
in resonant length seen by the incident signal is apparent
in the Thermcvisio n picture with a local maximum occuring
toward th. top and the bottom of each vertical edge. The

minimum current locations were again at the center of the
plate, with the “.onopole-type” current distribution at the
edges .
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2~ Z$L~~I2&U In~~~~~ç~

The 10° view was added for the three-quarter by
one—half wavelength plate to exhibit more clearly the
transition of the surface current distributions a. the
incident signal moves off the normal (figure 27). As

expected, a small increase in the leading edge response and
a decrease in the trailing edge response occurred.. Plainly.
the horizontal minimum remains very near the ‘vertical center
line of the surface.
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3. ~yentY-De~~~~ In 4 cN

f igure  28 is a continuation of the transition Cf the
current distribution. A visible current minimum remains
sligkt.Ly o~ the trailing side of the vertical center line of
the surface, and the enhanced leading edge response is
obvious. The minimum value of surface current cn the
trailing edge has become so low that - the localized beating
causes very little temperat ure rise - from the minimum in the
horizontal cross section at that heigth.
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Several noticeable changes are evident when the

incidence angle reaches 30° (figure 29). Although two local
maxima remain on th. leading edge, the current levels cu the
trailing edge are so small that there exists only one
obvious •azimua on the trailing edge. Additionally, the

•inimum current magnitude in a horizontal cross section has
moved to approximately two—thirds of tb~, widt h from the
leading edge of the surface.
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5. Zg~~i.Zixt QiUU In.çi4ence

figure 30 indicates the current distribution on the
surface with an incident signal £~50 fro. the normal. When -

the signal is this tar from the normal, the “manopole—type”
cerrent formation on the trailing edge is absent and the
horizontal curren t minimum is nearly at that edge. The
distinctive current formations on the leading edge remain
evident.
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6. J~&~tL 2LIUI ~ cAgsics -

At 90° inciden ce (Figure 31) , the leading edge is
again th . only “driven” portion of the surface. Thus , the
current magnitudes decrease horizontally acrcas the surface
until they are insufficient to cause’ detectable heating of
the surface. The insufficient heating causes the inahility
ot the Thermovision picture to clearly define the trailing
edge of the surface. The “mcnopole” current distr ibution on
the leading edge remains as in the previous presentaticns.
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p

U. ONE H! 011—HALE WAVELENGTH FLAT PLATE ON GROUWD PLAN!

An increase to one wavelength in the height of the flat
surface again causes an increase in the resonant length seen

by th. incident signal. A significant redistribution of the

current magnitudes o; the surface results.

For compar ison, Thermovision pictures of the same

incident angles as previously studied ‘were taken, yielding

the same type of transitions (figures 32 through 37) . All
pictures were again ta ken normal to the surface under study .

_ _1. I2.~Ji~ cidgU~~ 
-

With normal incidence (Figure 32) , the symmetr ical
current distribution s are again apparent. With the increase

is the height of the surface, the two ~ocal maxima at each

vertic al edge .. hay, changed locations along the edge. This 
- 

4

ca used the appearance of a distinct oval current minimum in
the center of the surface. The minimum for any horizontal

cross section of the plate remains in the center, and the

maximum at th. edges.
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2. 
~~~~ ~~~~~~~~ 

-

Wit h a 10° incident plane wave (Figure 33) e the
expected shift toward the leading edge occurred. Again, the
two distinct localized maxima remain apparent at the

trailing edge of the surface, and the enhancement of the
leading edge currents is visible. A change in the bias
setting of the Thermovision camera makes the oval. shaped
minimum toward the center •ote obvious than in the previous
picture.
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p. 
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3. .~~~~—D ’~&.U I~cidenç~

In this surface, the currents at a 200 incidence
remain consistent with the previous examples (Figure 34).
The two local maximum current lccations are mtiLl. evident,
but are significantly diminished. The oval shaped current
minimum also remains in the interior of the plate. but it
also has shifted noticeably toward the trailing edge,
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Is. 
~ izQS.UtS i~ci~tR~~

for the 30° incident signal, the changes in surface
currents are as expected from the previcus cases (Pigure -

35) . The lessened response of the trailing edge and the
shifted curtent miaiimum in a horizontal cross section
remains. The localized heating on the trailing edge is now
tard y sufficient to cause the “monopole—type” current
distribution profile.
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5. ~~~~~~~~ ~~~

For the 45° incident signal (Figure 36) , the greatly
diminished response of the trailing edge does not cause an
obVious “monopole-typ.” response, and the significant shift
of the current minimum in a horizontal cross section toward

the trailing edge again occurs. The similarity aicug the
‘$5 0 incident cases for all these surfaces is apparent.
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6. J~~~ .~IS&U ~~~~~~~~ -

When the sur face normal is 90° from the incident
plan. wave (figure 37), the reaction again shows the result
of only the leadii~g edge being “driven ” The horizontal
cross section again exhibits a monotonically decreasing
surface current, and insufficient currents exist to create
enough iccalized heating to allow detection of the trailing
edge of the surface.
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p.
1. CU&V1L ~ Th REE — QU AE TU B! ONE—B ALI WA V ELENG T H SURFAC IS

01 GSCUJZ PLANE

To show the transition from a fla t surface to a
cylinder , two sequences of Theracvision pictures were made
cf surfaces three—quarters of a wavelength high and cue—half
wavelength wide with varying a-mounts of curvature . The
radii of curvature used were infinity (flat surface), 10.25
centimeters, 7.5 centimeters, and 5.1 centimeters. The 5.1
centimeter radius of curvature correspond s to a cylinder one
wavelength (32 centimeters) in cir cumf erence that will be
studied exr.nsivtL y in the next section.

1. ic~ii~ i~~j c~

Ibis sequence of curved surfaces with th. incident
signal normal to the center of the garface  (Figures 38
through $1), are included to indica te the behavio r of the
su:2ace currents as the edges become more distant fro. the
source. Because symmetry does not exist on the tubular
cylinder with respect to this view , the current
distributions shown in this sequence will not exist cn the
cylinder. However , this sequence does provide insight into
the effect of surface curvature.

It is evident from the Thermovisicu pictures thet ,
as the curvature becomes grea ter, the surface currents in
th. center (nearest to the source) become relatively -larger.
The increase occurs b ecause the effective differential area
seen by the source decreases away from the tertical cente.r
line and to a lesser degree, because of the spatia l.
attenuatio n of the incident signa l. On the surface with the
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smallest radius of curvature (Figure 4 1), the current
magnitudes on a horizontal cro ss section are ne;rly
constant . The resänant responses of the current magnitudes

- remain apparent throughout the sequence, with the
“monopole—type” response on the edges visible on all but the

- smallest radius of curvature surface (the half cylinder).
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2~ ~~~~~~~~~~~~~~~~~~~~~~~ ncidence

figures 42 through ‘$5 are the Thermcvision pictures
of th. curved, surfaces when th. incident plane wave is 900

from the normal to the center of the surface. - Becaus. of
the symm et ry of the tubular cylinder with a circumference of
one wavelength , the currents in Figure ‘45 should also be a
representaticu of the currents on that cylinder.

The sequence clearly shows the sore distinct
foraati on of the currents on the illuminated porticn , as
more of the plane wave was incident on the surface with
decreasing radius of curvature. Each of the views exhibits
the expected resonant response of current magnitudes along
the illuminated edge of the surface. The shadowed portion
of the surface (the trailing half) in each case was
obviously being “ driven” by the Currents on the illuminated
portion.
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P. THICR CYLINDER 01 G~~U1D PLANE

This section shows the application of the Theriovision
surface current determination to a tubular cylinder with
kasi (circumference of one wavelength) and a height of
three—quarters wavelength (24 centimeters), where k is the
waven umber and a is the cylinder radius. Figure 46 shows
the resistive paper model of that cylinder.

The model is a five layer resistive paper surface over a
polystyrene foam cylinder for rigidity. Again, copper tape
was used to insure a uniform connection with the ground
plane. Fig ure i~7 exhibits the relative iccations of the
Th ermovision camera and the ircident plane wave. Because
symmetr y exists on the cylinder about a plane perpendicular
to the ground plane thro ugh the 0°— 180° 14ne , the side view
was chosen for display. This view then exhibits the
relative magnitudes of all currents cn the cylinder.

Burton. Ring, and Blejer (1976) have shown the measured
resultant values of surface currents on a cylinder of these
dimensions when irradiated by a plane wave , and compared 

-

them to the theoretically derived values. These results are
shown in Figure ‘48 with the Thermovision pict ure of the same
situation. The current magnitudes are indicated on an
increasing scsi. from 0 to 9 in ten equal rang es to
facilitate comparison with the ten iscthera s in the
Theriovision pict ure. Since the Thermcviaion technique
detects steady—state heating of the surface, the relative
phases of the currents are not obt ained. Thus , the relative
pha ses of the measured results are not indicated in figure
‘$8. It should be emphasized that the computation of the
surface currents on the cylinde r is a sophisticated , time
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consumin g prccedur e involving coupled axial and transverse
current components.
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p

Figure ‘e6 — TUBULAR CYLINDER WITH kaal AND HEIGHT OF

THREE— QU A RT E R WAVELENGT H t
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.5 The temperature window in Figure 148 has been increased
to 10°C ‘each isotherm is 1°C) because of the larger
temperat ure range that exists on the cylinder. Figures 49
through 52 axe a sequence of Thermovision pictures of the
same cylinder with the temperature window reduced to 2°C for
the increased sensitivity (each isotherm is 0.2°C). Each
succeeding picture has the bias level changed to lover the
temperature window detected. This process causes the
increasing size of the white (highest temperature) isotherm,
hut also allcws detection of the smaller currents on the
shadowed portion of the cylinder.5 Comparison of succeeding
pictures allcws all relative valnes of current magnitudes to
be determined. The temperature window location in Figure 52
is sufficiently low to cause detection of the microwave

absorbent material in the background, but the cylinder
current values detected are not affected.
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I:
V £Q1CLUSIQI~

The infrared isaging technique has been . shown tc be a
valuable tool in the deter.ination of surface charge and

current dist~ibutions , particularly on coiplu objects when
analytical current detersinations are, at test, difficult
and. tue consuaing.

I
The Thericvisicn techniqu. is particularly i.pcrtant

because, with an accurat. resistive paper code], suttis
differences in current distributions, caused by .inor

changes in connections and d iceasions, can be observed
quickly and accurately.

There are soue a~~ects of the Thersovision current
detection techniqu. that require care in interpretation.
Since this technique uses five la~.rs of resistive paper in

th. object .od.ls, it is possible, to have uneven spots or

air gaps between the layers. Thess uneven spots can cause
errcueouz results because the y can alter the tberaal
conductivity of a portion of the surface. Thus , eztreae
CCtS iust be taken in code construction.

The Thusovision t.ckaigee inst al so be used vit b care
at the intersection with the ground plane. Since the
surface ci the copper tape is a polished etal , with the
correspo nding low eiiasivity in th. three to five sicron
wavelength ra ng., th. sensitivity of the infrared detection
to a given tesperature difference is significantly less.
Thu s, the regi cu covered by the copper tape should not be
canpa red cith the remainder of the surface.
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It say also be noted that the Thersovision and

theoretical results on the tubular cylinder do not satch

exactly at the top edg. of the cylinder. This discrepancy

is probably caused by the exposed edges of the resistive

paper, vbicb caus. a slight surface nonuniformity. This

aberration, in turn, slightly changes the thermal
conductivit y of that edge .

The problems encountered in th. application of the

Thera osisicn cur ren t detection techuique do not
significantly affect tha g.n.rai. applicability of the

procedure. The simplicity of the techuigue and the near
r.al”tiae results , sake the Theraovision techniqu. an

attractive experi mental proced ure. Inf rared detection of
surface current distributions will yieJ.d reliable Eeaults on
ob j ects that might otherwise remain unanalyzed.

I
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,I. ~~~~~~~~~~~~~~~

Since infrared detection of surface charge and current
distributions has been shown to be possible and pr. cal , a
next logical step is a procedure to allow the appl ~icn of
this technique directly on large metal. objects such as ships
and aircraft. A surface preparaticu tc increase the
e.issivity cf objects, without significantly altering its
electrical propert ies, would seem to be the correct apprcach
to examine. A proper surface preparatico would allow
deterainaticu of surface currents on materials that dc not
approach ideal conductors, such is the composite materials
currentl y under st udy. Such a surface preparation wculd

•Lso solve the prcbl.as sentioned in the previous section.

lany objects of interest remain that may be analyzed
using carefully constructed resistive paper models. It
therefore is isportant to continue to study these objects
using the techniques discussed h.rein.

1. 
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APPENDIX A

CURBENT DISTBIBUTIO~ S ON FLAT SUEPACES

The results shcun in Figures 53 throug h 56 indicate the
measured surface currents on a flat surface three—quarters
of a wavelength high and approx~.mately 0.42 wavelength wide
over a conductin g groun d plane . These results are from
current research by Burton and King and indicate the
longitudinal and transverse currents on the flat surface
with a normally incident plane wave and the asic quantities
with an incident signal 450 from the normal to the surface.

To allcv compa rison with the surface currents indicated
by the Thersovisicn pictures in Section IV , the magnitudes
wer , indicated on an increasing scale of arbitrary units
fros ~ to 9 ifl~ ten. equal. ranges of current iagnitudes.
lecau se the relative scales of the transverse and
longitudinal currents are being detersined, resu ltant
current values are not yet available. ~owever , strong

similarities may be seen between the longitudinal current
values and the Therwovision pictures.
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Figure 53 — MEASUR ED LONGITUDINAL CUR RENT S OR A FLAT
SURFACE, NORMAL INCIDUCE
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Figure sa — MEASURED TRANSVERSE CURRENTS ON I FIAT

SURFACE. NORMAL I NCIDE NCE
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Figure 55 — MEASURED LONGITUDINAL CURRENTS 01 1 FLAT
50111CR, *S• INCIDENCE
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Figure 56 — R1A$U1ID TRANSVERSE CURRENTS 01 1 FLAT
30111CR, *5• INCIDENCE
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